Extensive clinical use has now been made of the nitrous oxide test for the detection and localization of left-to-right circulatory shunts. On theoretical grounds the magnitude of such a shunt should be related to the systemic and pulmonary arteriovenous differences in nitrous oxide content measured early in the period of inhalation. In order to determine the validity of the nitrous oxide method for the quantification of a left-to-right shunt, total pulmonary and shunt flows were directly measured in experimental animals as nitrous oxide tests were performed simultaneously.
UNTIL METHODS are available for the direct measurement of total pulmonary and systemic blood flows in the intact patient, the clinical physiologist must rely upon estimates of their magnitude obtained by various indirect means. Many forms of congenital heart disease are associated with an abnormal intracardiae or extracardiac communication resulting in a left-to-right circulatory shunt and a pulmonary blood flow in.excess of the systemic. Since the majority of such conditions may now be corrected, intelligent pre- operative evaluation should include precise localization of the defect and a reliable estimate of the blood flow through it. The ratio of pulmonary to systemic blood flow is most commonly determined by relating the arteriovenous differences in oxygen content in the 2 circulations.1 2 The application of indicator-dilution technics for this purpose has been recently summarized by Wood and his co- workers. 3' 4 Clinical studies with nitrous ox- ide and the radioactive gas krypton85 have shown that the large arteriovenous difference that exists shortly after the onset of inhalation of such inert gases may also be used to estimate the ratio of pulmonary to systemic flow and the relative magnitude of a left-toright shunt. [5] [6] [7] From the Clinic of Surgery, National Heart Institute, Bethesda, Md.
The present study was designed to assess the reliability of the nitrous oxide method for the quantification of left-to-right shunts, by comparing the results of this technic with those obtained with directly metered blood flows in the experimental animal. Total pulmonary flow and shunt flow were measured with 2 electromagnetic blood flow meters,8 which were adjusted to record identical deflections for equal rates of flow. The stability of each meter was often checked and zero flows were recorded frequently during each experiment without interruption of the total pulmonary flow by appropriate manipulation of the accessory "bypass" line around the flow meter ( fig. 1 ). In each dog the 2 meters were simultaneously calibrated by opening the shunt line and occluding the left pulmonary artery while the right pulmonary artery remained open. A given quantity of blood could thus be directed from the shunt through both meters into a graduated cylinder during a measured time interval. were recorded on a direct-writing multichannel oscillograph. The mean pressures and flows during the periods of sampling were obtained by planimetric or electronic integration of the records.
METHODS
Nitrous oxide tests were performed by ventilating the dogs with a gas mixture containing 50 per cent nitrous oxide and 50 per cent oxygen or 100 per cent nitrous oxide for 30 seconds. Between the tenth and thirtieth seconds of inhalation, integrated blood samples were drawn simultaneously from the femoral artery, the right atrium, and from the pulmonary artery distal to the entrance of the shunt ( fig. 1) Since all nitrous oxide concentrations are expressed as a per cent of the arterial concentration, (CaN2o = 100 per cent), the formula The pulmonary: systemic flow ratios determined from metered flows are compared to the corresponding ratios derived from the nitrous oxide tests in figure 3 . There is no systematic difference between the flow ratios determined by the 2 methods. The coefficient of correlation for these data is 0.96.
When the shunt was closed, mean pulmonary arterial pressures were elevated 5 The introduction of a plastic loop having a capacity of approximately 100 ml. into the pulmonary circulation resulted in a mild increase in pulmonary arterial pressure. This pressure was further elevated by occlusion of the right pulmonary artery and diversion of the entire pulmonary flow through the loop and the left lung. Under these conditions, a left-to-right shunt was not always well tolerated. Systemic pressure fell and pulmonary arterial pressure rose even further, thus reducing the systemic-pulmonary arterial gradient and limiting the magnitude of the shunt. The right ventricle usually became dilated and the output of both ventricles fell. However, although the output was low, it was possible to maintain a steady flow during which nitrous oxide tests could be performed. In order to relieve the load on the heart, the shunt was closed and the right pulmonary artery opened between sampling periods. Care had to be taken in inserting the cannula into the proximal left pulmonary ar- tery, so that it did not extend too far into the main pulmonary artery and occlude the right.
Frequently, shunts that produced pulmonary to systemic flow ratios in excess of 3 :1 were poorly tolerated. Several tests were discarded from the series because they were performed while the flows were falling during the sampling period and their results served only to emphasize the importance of a stable preparation during the sampling. Under these unstable conditions, the magnitude of the shunt was grossly overestimated by the nitrous oxide.
The excellent correlation between metered flows and calculations based upon the nitrous oxide test (fig. 3) shunts, the effects of analytic errors became more important with both the direct and indirect technics, and the correlation between them became correspondingly poorer.
The limitations of the oxygen method for determining the magnitude of a shunt are well recognized. These are the difficulties in obtaining representative samples of mixed venous blood from the venae cavae; a small pulmonary arteriovenous difference; and the normal variations in oxygen content that occur with changes in the metabolic state. With the nitrous oxide test, these shortcomings are minimized. Vena caval samples, proximal to a shunt, are not necessary because the normal nitrous oxide concentration of systemic venous blood is always close to zero during the first 30 seconds of inhalation. In a group of 150 tests carried out in patients, the normal venous content ranged from 0 to 15 per cent of the arterial content and averaged 6 per cent.6 In the present study, the average systemic venous content was 3 per cent. In the practical applications of the test, it has been found that the average value may be used in calculating the magnitude of shunt without significantly altering the results. 6 In the nitrous oxide test, samples are not drawn while the pulmonary and systemic arterial levels of the gas are constant but during a time when both are rising. The use of integrated samples drawn simultaneously during most of the period of inhalation minimizes this source of error.
The present study supports the conclusion drawn from extensive clinical application that the nitrous oxide test provides a reliable method for the quantification of a left-to-right shunt as well as for its identification and localization. SUMMARY Total pulmonary blood flow and blood flow through an artificial left-to-right shunt were measured directly in the dog by means of electromagnetic flowmeters in an extracorporeal extension of the pulmonary circulation. Nitrous oxide tests were then performed while shunts of various magnitudes were functioning. The ratios of pulmonary to systemic flow determined by the nitrous oxide tests correlated well with the ratio obtained from the metered flow measurements, and confirmed the validity of the nitrous oxide technic for the estimation of the magnitude of a left-to-right shunt. SUMMARIO 
